Investigating site-specific effects of the -X glutamate in a parvalbumin CD site model peptide.
The -X glutamate in a 33-residue model peptide comprising the CD site of carp parvalbumin 4.25 (ParvCD) was replaced with aspartate (ParvCD-XD) and the effect on calcium-dependent dimerization and calcium affinity assessed. The peptide ParvCD demonstrates a 10(5)-fold lower calcium affinity than the same site in the native protein. Both the ParvCD and ParvCD-XD model peptides fail to bind magnesium. The low calcium affinity and failure of the model ParvCD site to bind magnesium may be due to higher enthalpic costs of chelation by the -X glutamate. Replacement of the -X glutamate with an aspartate resulted in a twofold increase in the calcium affinity of both the monomer and dimer forms and a twofold increase in the calcium dependent dimerization of the peptide. A -X glutamate to aspartate replacement in 33-residue model peptides corresponding to bovine brain calmodulin site 3 (R. M. Procyshyn and R. E. Reid, Arch. Biochem. Biophys. 311, 425-429, 1994) and in Escherichia coli d-galactose-binding protein (S. K. Drake, K. L. Lee, and J. J. Falke, Biochemistry 35, 6697-6705, 1996) agree with results in the ParvCD site. However, in rat oncomodulin a -X glutamate to aspartate replacement increases calcium affinity (R. C. Hapak, P. J. Lammers, W. A. Palmisano, E. R. Birnbaum, and M. T. Henzl, J. Biol. Chem. 264, 18751-18760, 1989). The different effect of a -X glutamate to aspartate substitution in the different sites suggests site-specific factors dictating the thermodynamic contribution of the -X glutamate to calcium affinity.